Abstract: The study reported in this manuscript is a part of extended investigations on transmission of fungi potentially pathogenic to man as well as parasitic flatworms and nematodes by wild fowl. The objective of this study was to identify the presence of fungi and parasites in the gastrointestinal tract of cormorants. Mycological and parasitological analyses were carried out on swabs taken from ontocenoses of beak, stomach, duodenum, jejunum, ileum and cloaca of 21 cormorants. The presence of fungi in the gastrointestinal tract was detected in 60% of the birds examined. They were isolated most frequently from beaks and cloacae of birds, duodenum was free of fungi. The most frequently isolated fungi were: Candida krusei and Debaryomyces hansenii. All isolates of fungi selected for enzymatic analyses were characterized by a high activity of esterases. Stomachs of all cormorants analyzed were found to contain Contracaecum rudolphii s.l. nematode. In turn, intestinal digesta of most of the birds were shown to contain Paradilepis scolecina tapeworm. Apart from tapeworms, duodenal digesta were also found to contain Paryphostomum radiatum digenea. The highest prevalence and intensity of infection with digenea was determined in the case of the birds shot in July.
Introduction
A rich reservoir of fungi potentially pathogenic to man are aquatic ecosystems, especially those being strongly polluted and subjected to strong anthropopression (Dynowska et al. 2001) . They may constitute a source of multiple mycoinfections with various etiology (Dynowska 1995; Kurnatowska 2001) . Transmission and dissemination of those infections may proceed through birds that feed in waters, colonized by fungi, with a diversified ecological and taxonomic status. This has been confirmed in a study on the occurrence of fungi potentially pathogenic to man in black stork (Dynowska & Dynowski 1996) as well as in birds from the order Charadriiformes (Dynowska & Kisicka 2005a, b) . Because birds possess air sacks and are lacking antimycotic activity in their blood serum, they are especially susceptible to being colonized by fungi (Hubálek et al. 1995; Casadevall & Pirofski 2000) . In addition, owing to a high body temperature (40-44
• C), being a physiological barrier that inhibits the growth of most of fungi potentially pathogenic to man, the "birds -vectors" usually do not become infected but take part in their dissemination (Tsiodras et al. 2008) .
Cormorant belongs to migrating birds whose population number in Europe has increased from a few thousands of pairs in 1980 to ca. 200-250 thousands of hatching pairs in 2000. Currently in Poland, their population has been estimated to count ca. 20-22 thousands of pairs (Goc et al. 2007 ). In Poland, cormorants stay from April till October, whereas migrate to the south of Europe for the winter season, though they have been spotted in Tunisia, Egypt or Algeria (Mokwa et al. 2005) . Poland is also a stop to cormorants coming from the north, Sweden and Denmark in particular, as well as from the White Sea, Barents Sea and the Sea of Azov, which after a short period of feeding fly away to the south of Europe.
The role of cormorants in dissemination of parasites, to which they are the final host, has been explicitly described in literature. The parasites occurring very frequently in the gastrointestinal tract of cormorants are nematodes of the genus Contracaecum and Paradilepis scolecina tapeworm (Abollo et al. 2001; Amato et al. 2006; Dziekońska-Rynko & Rokicki 2008; Dziekońska-Rynko & Dzika 2011; Kanarek 2011) . No reports have been found in the available literature on the occurrence of fungi in the gastrointestinal tract of aquatic birds. Works by Dynowska & Kisicka (2005 a, b) refer only to the prevalence of fungi in ontocenosis of beak and cloaca in healthy Charadriiformes birds.
The objective of this study was to identify the presence of fungi and parasites in the same ontocenoses of the gastrointestinal tract of cormorants.
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Material and methods

Date collection
The experimental material were cormorants shot in the summer season (VII-IX) of 2008 on Lake Szóstak (n = 12) and Lake Selment Wielki (n = 9) located in north-eastern Poland (Warmia and Mazury Province covering an area between 54
• 27 N to 53
• 08 N and 19
• 07 E to 22
• 48 E).
Mycological analyses
Mycological analyses were carried out on swabs taken from ontocenoses of beak, stomach, duodenum, small intestine (jejunum and ileum) and cloaca of 21 cormorants. The swabs were placed in Sabouraud's broth and incubated for 48-72 h at a temperature of 37
• C. When growth of fungi was observed in the form of a sediment or a film on the broth's surface, they were sieved onto Petri's dishes with solid Sabouraud's medium, and then cultured following the procedure recommended in mycological diagnostic laboratories (Dynowska 1995; Biedunkiewicz-Ziomek & Dynowska 2004) . The resultant pure cultures of fungi were analyzed macroscopically taking into account: colour, shape, surface structure, and colony shine. In turn, microscopic traits (shape and size of gemmating cells, blastospores and chlamydospores, presence or lack of pseudohyphae and hyphae) were observed in a microculture run on Nickerson's agar at a temperature of 37
• C for 48 h to 144 h (Biedunkiewicz-Ziomek & Dynowska 2004) . Physiological traits useful in species identification of the fungi were determined based ob biochemical tests: zymograms and auxanograms performed in compliance with methodology described by Kurnatowska & Kurnatowski (2006) .
The enzymatic activity of the strains was determined with API ZYM (Semiquantification of enzymatic activities) test (bioMérieux), containing substrates for identification of the activity of 19 hydrolases. The read out of activity acc. to the intensity of a colour scale was performed following producer's guidelines with a 5-pont scale (0-5). The activity of hydrolases was determined in nanomoles (nmol) of the hydrolyzed substrate.
The fungi were identified using the following keys and works: Kreger-van Rij (1984) , Barnett et al. (1990) , Howard (2003 ), De Hoog et al. (2000 , Dynowska (1995) , Kurnatowska & Kurnatowski (2006) .
Parasitological analyses
For parasitological analyses, the whole gastrointestinal tract of the birds was isolated, which was then divided into section, cut alongside and flushed with tap water. Parasitological assays of intestinal digesta were conducted with the standard decantation method, whilst the wall of stomach and intestines was searched through under a stereo microscope (Nikon SMZ 745T) for the presence of parasites. The nematode collected were fixed in 70% ethanol, cleared in lactophenol and identified according to keys by Baruš et al. (1978) and based on the descriptions given in Abollo et al. (2001) , Amato et al. (2006) , Kanarek & Bohdanowicz (2009) . In the case of nematodes, the number of adult parasites and larvae were determined additionally. The tapeworms were fixed in 70% ethanol with 5% glycerol and identified according to keys by Ryzhikov et al. (1985) and based on the descriptions given in Dziekońska-Rynko & Dzika (2011) . The measurements were taken of such features as the length and width of the tapeworm body, the length of long and short hooks, the diameter of the scolex and suckers. Some of the digenea were stained in borax carmine, dedydrated in glacial acetic acid, cleared in clove oil and identified according to keys by Gaevskaya et al. (1975 
Results
Presence of fungi in the gastrointestinal tract of cormorants Fungi were detected in the gastrointestinal tract of 13 cormorants, which constituted 60% of the birds examined. Out of all ontocenoses, a total of 25 isolates were obtained that belonged to 14 species of 8 genera of yeast-like fungi: Dipodascus, Galactomyces, Debaryomyces, Kluyveromyces, Saccharomycopsis, Candida, Geotrichum, Rhodotorula, and one species of mould fungus of the genus Acremonium (Table 1) .
Results referring to the coexistence of fungi and parasites of the gastrointestinal tracts of cormorants were provided in Table 2 . Fungi were isolated most frequently from beaks and cloacae of the birds, in which nematodes were detected in the stomach whilst tapeworms and digeneans in duodenum and the small intestine. Apart from single-species isolates, there were also noted two-species ones (Table 1) . In two cormorants, fungi were identified in the intestine, and in one cormorant -in the stomach, but in those cases the fungi were not detected in any other ontocenonsis (Table 2) . Duodenum turned out to be free of fungi in all birds analyzed in the study. The highest number of fungi was isolated from a cormorant in the beak of which 3 isolates of fungi were detected simultaneously (Debaryomyces hansenii, Candida kefyr + Saccharomycopsis capsularis, C. saitoana), including one two-species isolate (C. kefyr + S. capsularis). In the same cormorant, fungi were also detected in cloaca, i.e., Candida krusei -a species belonging to BSL -2 (bird No. V, Table 2 ).
The prevailing fungus turned out to be Candida krusei (28% of positive isolates), whilst D. hansenii (12%), Dipodascus macrosporus (8%), C. saitoana (8%) and Rhodotorula glutinis (8%) were isolated less frequently. The other species were isolated only once (Table 2).
In all isolates of fungi selected for enzymatic analyses, high activity was determined for enzymes belonging to the sub-class of esterases (from 5 to 40 nmol). The exception was esterase whose low activity (5 nmol) was assayed only in Kluyveromyces lactis isolated from beak. Out of the enzymes belonging to the sub-class of proteases, in all birds the highest activity was determined for trypsin and chymotrypsin (from 5 to 40 nmol), whereas no activity of leucine nor valine aminopeptides was found in any of the species examined. The activity of cystine arylamidase was observed only in D. macrosporus. The lowest activity was determined for Van der Walt (1971) 14. Rhodotorula glutinis var. rubescens (Saito) Lodder (1934) enzymes belonging to the class of glycosidases. Out of the 10 fungi isolates analyzed, the activity of α-and β-glycosidases was shown in 5 species, whereas that of α-mannosidase and fucosidase in single strains (Table 3) .
The highest number of active hydrolases (10 out of the 19 examined) was determined for K. lactis isolated from beak and for Galactomycetes citri-aurantii isolated from cloaca. In both these species, the highest activity (40 nmol) was assayed in the case of trypsin. In K. lactis a high activity was also noted for esterase lipase and basic phosphatase, whereas activities of phosphohydrolase and α-chymotrypsin were twice as low (20 nmol). The activity of the other enzymes ranged from 5 to 10 nmol. The lowest number of active hydrolases (6 out of the 19 analyzed) was determined for C. krusei isolated from cloaca and for Geotrichum klebahnii isolated from beak. In the case of C. krusei, the highest activity was assayed for alkaline phosphatase and trypsin, whereas in the case of G. klebahnii -for esterase lipase and trypsin.
In the other fungi species examined, the highest activities were determined for trypsin, esterase lipase as well as for acidic and alkaline phosphatase, except for D. macrosporus, in which the activity of trypsin and chymotrypsin was very low, whereas that of β-glucosidase was high (30 nmol).
Presence of parasites in the gastrointestinal tract of cormorants Results of the prevalence and intensity of infection of nematodes and flatworms parasitic cormorants were presented in Table 4 .
In stomachs of all cormorants examined, parasitological analyses confirmed the presence of Contracaecum rudolphii Hartwich, 1964 sensu lato nematode. The highest infection intensity (105.38 parasites per bird on average) was observed in the birds shot in September.
The intensity of infections recorded for the birds shot in July accounted for 70.83 and for those shot in August -for 61.57 parasites per bird, on average. In stomachs of birds shot in September larvae prevailed (52.19%) whereas in these shots in July and August the larvae constituted 30.35 and 24.59% of nematode stages, respectively. Adult nematodes were immersed in intestinal digesta, whereas larvae were detected strongly anchored in stomach mucosa. In stomachs of the cormorants shot in August, apart from larvae and adult forms of C. rudolphii s.l., Syncuaria squamata (Listnow, 1883) nematodes were also found.
In duodenal digesta of most of the cormorants examined, the parasitological analyses demonstrated the presence of Paradilepis scolecina (Rudolphi, 1819) tapeworm or Paryphostomum radiatum (Dujardin, 1845) digenea. In seven cormorants (July -1, August -2, September -4) apart from P. scolecina tapeworm, P. radiatum digenea were also found.
In small intestinal digesta of most of the cormorants examined, the parasitological analyses demonstrated the presence of P. scolecina tapeworm. The highest prevalence of infection was observed in the birds shot in July (100%), whereas the highest intensity of infection was recorded in the birds shot in August (2,200 parasites per bird on average).
The analysis of the intestinal digesta conducted based on residues of digested fish (scales, caudal fins) showed that diet of the cormorants from the examined colony consisted mainly of roaches, perches, breams and alburns. Pikes and tenches were found sporadically.
Discussion
Epidemiological surveys conduced by experts from a few continents, under auspices of the WHO gathering data on transmission of etiological factors of Alkaline phosphatase  5  3  1  3  2  2  5  1  2  5   Acid phosphatase  1  2  2  2  3  2  2  3  2  2 Naphthol-AS- BI-phosphohydrolase  1  2  1  2  2  4  2  2 contemporarily-recorded diseases of man, indicate explicitly the special role of wild fowl in this respect. Tsiodras et al. (2008) enumerated about ten taxa of birds taking part in the transmission of bacteria, viruses and fungi detrimental to man, that are transferred for considerable distances all over the globe. These include birds inhabiting and penetrating water area, i.e., sparrows, starlings, pigeons, crows, song thrushes, quails, owls, finches, and birds linked with the aquatic environment, i.e., wild ducks, geese, seagulls, terns and common murres. According to the above-cited authors, fungi most frequently transmitted by these birds include these of species belonging to the following genera: Candida and Cryptococcus (yeast-like fungi), Aspergillus (mould fungi) as well as Microsporum and Trichophyton (keratinophilic and keratinolytic fungi). The first three genera are implicated in inducing organic and generalized mycoses, mycotoxinoses and mycoalergoses, whereas the others are the causative agents of arduous and difficult to treat mycoses of skin and its products (Richardson & Warnock 1993) . Results of mycological analyses conducted for the cormorants examined in our study very strongly correspond with literature data referring to the contribution of wild fowl in the circulation of potentially-pathogenic fungi in the biosphere (Dynowska & Kisicka 2005b ). In our experiment as well as elsewhere, there predominated the yeast-like fungi of the genus Candida, Dipodascus and Rhodotorula with various pathogenicity, and the most frequently isolated species turned out to be C. krusei. It was detected mainly in beak and cloaca, where it occurred together with other species of fungi, whereas in stomach and small intestine it was detected sporadically in single-species isolates. It is an extremely expansive species, attacking all tissues, organs and systems of most of the vertebrates (Kurnatowska & Kurnatowski 2006) simultaneously showing high resistance to numerous antimycotic medicines. Worthy of attention is Acremonium kiliense isolated from beak, commonly occurring in soils of Europe, whose pathogenicity has been confirmed in ample research works as the causative agent of numerous infections (Richardson & Warnock 1993) . Fungi of that species were also isolated from excreta of cormorants and from soils (Osono et al. 2002) .
One of the determinants of microorganisms pathogenicity is the quality and spectrum as well as activity of synthesized hydrolytic enzymes responsible for the process of tissue destruction. At the first phase of infection, a specially significant role is ascribed to enzymes from the sub-classes of esterase and proteases, as they are responsible for damages caused to cell epithelium and enable the invasion inside the tissues by hydrolytic degradation of keratin and collagen. The high hydrolytic activity of those enzymes in the isolated strains of fungi may indicate their considerable pathogenicity. In the reported experiment, the fungi were detected mainly in beak and cloaca. As claimed by Casadevall & Pirofski (2000) , the isolation of fungi from the beak of birds may point to their incidental appearance, whereas their isolation from the intestine and cloaca suggests that the fungi are colonizing the gastrointestinal tract of a bird or have passed it through, which indicates the carrier state. The release of fungi from the body of a "bird -vector" proceeds with excreta or secretions (Kurnatowska & Kurnatowski 2006) . This is the first stage of inter-individual transmission. The second stage involves proliferation of fungi or their survival in the extrinsic environment, and then transmission and penetration in a new host, potentially a human body. Wild birds are the most frequent and the most easily migrating element of the vertebrates fauna in the landscape surrounding man (Dynowska & Kisicka 2005a) .
The natural reservoir of the predominating part of the fungi isolated from the gastrointestinal tracts of the cormorants examined are aquatic ecosystems rich in organic matter of various origin (Dynowska 1995) . Cormorants are birds with exceptional mobility, feeding -at various depths -on fresh and marine waters with a different level of microbiological purity. Thus they are highly likely to encounter a very wide taxonomic spectrum of fungi (Dupont et al. 1994) and to enter into physiological contact with them, usually based on commensalism (Casadevall & Pirofski 2000) . By these means, cormorants may become a specific and relocating reservoir of a very high number of species of potentially-pathogenic fungi. In the reported experiment, 14 species of fungi were detected in the gastrointestinal tract of the cormorants examined, whereas in a study by Kisicka-Madziar (2006) the number of fungal species isolated in the Charadriiformes accounted for 41.
In the gastrointestinal tracts of all cormorants examined, analyses demonstrated the presence of parasitic nematodes, tapeworm and digenea. The pathogenic effects of parasites on the body of a host may be discussed in various perspectives. The parasite may compete with the host for nutrients, which leads to malnutrition and weakening of the host, as a result of which it is becoming more susceptible to diseases induced by other pathogens. Secondly, the parasite may also be vectors and by penetrating into a host and migrating in its tissues they may open "the gates" of infections to other pathogens. Parasites and other components of ontocenoses in a host may enter either protectionistic or antagonistic interactions. The presence of bacteria, viruses or fungi in the gastrointestinal tract is likely to bear positive effects on the development of a parasite by increasing its virulence through changing the partial pressure of oxygen in the environment, redox activity as well as synthesis of vitamins or enzymes. Infestation of animals with a selected parasite was feasible after introducing a host together with bacteria into their bodies. On the other hand, some restrictions have also been observed in the co- occurrence of parasites and fungi in the same ontocenosis. A parasite that occurred in stomachs of almost all cormorants examined in this study was C. rudolphii s. l. nematode. According to a number of authors (Huizinga 1971; Abollo et al. 2001; Rokicki et al. 2011) , the high intensity of infection leads to disorders in digestion and absorption of feed by a bird, and when coupled with other stress-bearing factors, including bacteria or xenobiotics, may contribute to death of the bird. In histological analyses of stomachs of cormorants infected with C. rudolphii s. l., demonstrated inflammatory states characterized by a multi-focal infiltration of granulocytes, lymphocytes, plasmatic cells and macrophags in different proportions in the area of lamina propria of the mucosa (Kuiken et al. 1999; Rokicki et al. 2011 ). The inflammatory process was strictly linked with the presence of nematodes that were penetrating crypts of the epithelium secreting mucilage as well as lumen of glands. Other lesions linked with the presence of nematodes in the epithelium included ulcerations, bleedings to the lamina propria and lumen of the stomach as well as the presence of bacterial colonies in the damaged epithelium. The above-cited authors claim that, due to the detrimental effect on the functioning of the gastrointestinal tract, the presence of parasites may deteriorate the health status of cormorants, thus affording better conditions for the growth of other pathogens. In our experiment, adult nematodes were detected mainly in the lumen of stomach, whereas larvae -in stomach mucosa and beneath it. At the site of larvae penetration under the stomach mucosa there were visible damages of mucosa and blood extravasations. In the reported experiment, the presence of fungi in the stomach was detected only in one out of 21 cormorants examined. The stomach is a part of the gastrointestinal tract that is also relatively rarely colonized by parasites. Very low pH occurring therein presumably does not facilitate the growth of fungi, yet it does not eliminate them, which may be indicated by their appearance in cloaca, which has been confirmed in the reported experiment as well as in studies conducted by Dynowska & Kisicka (2005a, b) . An additional factor rendering the growth of fungi difficult could have been the presence of nematodes, whose excretory and secretory (ES) products might have affected negatively the growth of fungi. The ES products of both adult nematodes and larvae were found to contain a number of hydrolases from the subclasses of esterases and proteases (Dziekońska-Rynko & Rokicki 2005 , 2010 , which may also hinder the growth of the fungi.
P. scolecina tapeworms were found in two niches; duodenal and small intestine. In duodenum of seven cormorants (July -1, August -2, September -4) apart from P. scolecina tapeworm, P. radiatum digenea were also found. The parasitological analyses of further sections of the small intestine demonstrated only the presence of P. scolecina tapeworm in most of the birds examined. According to Karstad et al. (1982) , a high number of P. scolecina tapeworms may cause extensive damage to the small intestine. Damages observed by these authors were linked with penetration of scolexes deep inside the wall of the intestine. Around tegument of the tapeworms, the authors observed infiltrations of macrophags, eosinophiles and lymphocytes. The presence of fungi in the small intestine was confirmed in as little as 2 cormorants.
Despite very high intensity of infection of C. rudolphii nematode and P. scolecina tapeworm in examinated cormorants, the reported study did not demonstrate a distinct impact of worms on the occurrence of fungi in these ontocenoses. The isolated fungi originated from the anterior and distal sections of the gastrointestinal tract (beak and cloaca, respectively). Their lack in the stomach and intestine might be explained by the fact of other organisms, in this case parasites, competing with fungi for the same area of adherence.
